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Review 


Ttadidonaily, the cancer rirks aasodated with ndon, environmental tobacco smoke (ETS), and 
similar indoor lesidenctal exposures have been evaluated thioi^ eiefaer laboratory es^ietimeats in 
rodents or qsideiuiology studies in people. Laboratory studies have the advantage of being con¬ 
trolled oqietiments, but their utiii^ as estimatots of human risk is limited by the uncertainties of 
extrapolating &am rodenti to people and fiom hi^ doses to those typically experienced in the 
home. These experiments also subject animals to noxious ej^stixesi causit^ sufilering chat may be 
considered crueL Traditional epidemiology studies evaluate human risk direedy, at the ei^siire 
levels present in residences; however, these studies are limited by tfarir potential for misclassifica- 
rion, biased recall, and uncontrolled confounding. The long time inteivala involved between eipo- 
sure and disease (often 30 years or more) make aocunie recall patticularly problematic. In this 
paper vve discuss the limitadons of these traditional approaches, espedaily as they relate to resi¬ 
dential studies of radon and £TS. The problems assodaied with the maximum tolerated dose in 
rodent bioassayx and exposure misdassification in traditional epidemiology are particularly 
examined. A third approach that supplements the traditioaal approaches and overcomes some of 
their limitations is suggested. This approach, dubbed pet epidemiology, estimates residential 
cancer risk by examining the exposure experience of pet dogs vrith namtaUy occurring cancers. 
The history of pet epidemiology is reviewed and its strengths and limitations are examined. 
worJa animal sentinel, cancer, epidemiology, indoor air, pets, poUntion. 
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Indoor air pollurion is composed of many 
different agents that come from a variety of 
sources. These include volatile organic com¬ 
pounds from building materials, combus¬ 
tion products such as environmental tobac¬ 
co smoke (ETS), radon gas, molds, dusts, 
fibers, etc. Concentrations of many of 
these substances in the indoor environment 
exceed median outdoor air concentrations 
by factors of 2-5 (i). 

Several of these indoor exposures have 
been implicated as possible or probable 
human respiratory carcinogens. Chief 
among these are radon and ETS (2j. Radon 
and its decay products have been diaracter- 
ized as the second leading contributor to 
lung cancer and as the cause of up to 20,000 
(or more) lung cancer deaths yearly in the 
United States This figure represents 
an estimated 10% of all lung cancers in die 
United States (<S). Lifetime exposure to the 
average radon concentration in U.S. single¬ 
family houses (40 Bq/m^) could result in an 
excess lung cancer risk exceeding 1 in 1,000, 
with higher exposure levels causing a risk in 


excess of 1 in 100 [1 Bq/m^ is equal co 
approximately 0.04 pCi/lirer] (6). 

Similarly, a growing body of evidence 
implicates ETS as a possible cause of lung 
cancer in humans iJ—10). Environmental 
tobacco smoke contains numerous carcino¬ 
gens, including benzene, nitrosamines, and 
ben 2 o(a)pyrene {8,11). These carcinogens 
are often in higher concentrations than in 
mainstream smoke (7i). Exposure to envi¬ 
ronmental tobacco smoke is fairly com¬ 
mon, with one study reporting that 63% 
of the nonsmokeis surveyed were exposed 
to some level of ETS (8,12). It has been 
estimated that 20-30% of the lung cancers 
among nonsmokers in western countries 
may be due to ETS (73)- 

Two avenues of research, rodent bioas¬ 
says and human observational epidemiolo¬ 
gy, have traditionally been used co investi¬ 
gate the carcinogenicity of pollutants; how¬ 
ever, both of these investigational tech¬ 
niques have weaknesses that limit their uril- 
ity. Because of this, a weight-of-cvidence 
approach to carcinogenicity is usually used. 


The strength of evidence from both the 
human data and laboratory d»a ate evaluat¬ 
ed and used to classify an agent as a proven, 
probable, or possible human carcinogen; a 
noncarcinogen; or not classifiable {14). 

To complement these approaches and 
overcome some of their limitations, espe¬ 
cially relating co the carcinogenicity of 
indoor air pollution, we present a third 
investigative approach: pec epidemiology. 
This approach uses natuikUy occurring can¬ 
cers in pet animals as surrogates of human 
cancer risk. We will present the history of 
pet epidemiology as it pertains co die study 
of domestic carcinogens and discuss the 
strengths and limitadons of the approach. 
Although this line of research could investi¬ 
gate cats, birds, and other household pecs, 
previous pet epidemiology has investigated 
dogs almost exclusively. Therefore, we will 
limit our discussion to dogs and focus on 
the two main suspect indoor respiratory 
carcinogens, ETS and radon. 

Limitations of Rodent 
Bioassays 

Animal bioassays, as currendy practiced, are 
designed to screen qualitatively for die car¬ 
cinogenicity of a chemical and to provide 
data for potency slope estimation {15). In 
these experiments, animals from both sexes 
of two species (usually rats and mice) are 
dosed repeatedly widi the test agent, and a 
similar number of control animals are either 
not treated or treated with placebo. After 2 
years (an average lifespan for rodents), both 
the test and control animals are sacrificed 
and examined for the presence of cancer in 
any of their organs. 
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The tett animab are typically assigaed 
CO one to two dosage groups, one o( which 
is the cnaximum toleraced dose (MTD). 
The National Toxicology Program (NTP) 
defines the MTD as ‘the highest dose of 
the test agent during the chronic study thu 
can be predicted not to alter the animals' 
longevity from efiects ocher chan carcino¬ 
genicity'' (lS-18). This hig^ dose is needed 
to increase the powef ofthe study to detect 
an effect in a ceiacively small number of 
animals. If a lower dosage group is used, it 
is ustially set at one-tenth to one-half the 
MTD, which is still quite high compared 
CO realistic environmental exposure levels 
(/5). Indeed, bioassays typically do not 
provide much infiirmaiion about the car¬ 
cinogenicity of chemicals at doses much 
lower chan half die MTD {ISj. 

The MTD provides certain advantages 
ndten used as pact of a long-term rodent 
bioassay. It is the dose most likely to 
induce tumors, thereby both increasing the 
power of the study to detect caednogenid- 
cy and providing infiumadon on the types 
and locations of tumors caused by the rest 
agent. The MTD also provides a consistent 
basis for comparison across species, strains, 
and sexes of animals (JSi- Rodent bioassays 
also appear to be fitiriy sensitive at detect¬ 
ing human carcinogens. When proven 
human cardnogens are also adeqoatdy test¬ 
ed via rodent bioassays, the bioassay results 
are genetally positive {19-21). 

A major limitation of rodent bloassays 
is that -M^e their sensirivity appears high, 
their specifidty (the ability to accurately 
detect noncarcinogens) is suspect. When 
probable human noncardnogens ate evalu¬ 
ated, many are still found to be positive via 
rodent bioassays {I9i. Ames and Gold 
{22,23) point out that approximately 50% 
of the more chan 400 chemicals diar have 
been adequately tested using rodent bioas- 
sa 3 's have been identified as carcinogens; 
this is true for man-made and natural 
chemicals alike. Ocher investigators suggest 
that the percentage of rodent carcinogens is 
even hi^er (65%) {24). However, only a 
very small faction (0.1%) of the 60,000 
commonly used chemicals have demon¬ 
strated definite evidence of cardnogenicity 
in people (21,24,25). Of course, only a 
sm sample of chemicals, biased toward 
strong carcinogens with fairly measurable 
exposure paccerns, have been adequately 
evaluated in people. Even so, this discrep¬ 
ancy has led many co wonder if sometimes 
it is the methodology, not the chemical, 
that is catdnogenic (17,22-24,26-28). 

Many researchers have raised concerns 
about the utility of laboratory animal assays 
chat use doses at or near the MTD 
(20,22-23,28-32). Potency estimates for 


typical environmental exposure levels are 
based on excrapolattons from these data, 
even though fiicse high doses are very dif¬ 
ferent from the low exposure levels found 
in most domestic situations. These exteapo- 
larions are dependent upon the model ured 
and are rarely validated. 

doses of chemicals may alter bio¬ 
logic homeostasis, predisposing an animal 
to cancer. There arc several means by 
which this may occur. Toxic or near-toxic 
doses damage tissues, causing micogenesis 
as new cells prolifeiace to replace the dam¬ 
aged ones. Miiogenesis may be a dominant 
factor in chemical carcinogenesis at high 
doses (near the MTD) because ceil division 
is a critical part of mutagenesis (23,28,29, 
32-35). Tissue damage also results in inflam- 
mfaan, releasing free radicals and other oxi¬ 
dants char can damage DNA (36). These 
responses are siinilar to diose of tissue sub¬ 
jected to chronic irritarionAwounding, which 
has been shown to cause tumorigenesis 
(2333,34). 

The NTP definition of the MTD per- 
mio a '^ole-animal tone dose that results In 
iq) CO a 10% weight loss in the test animals 
compared vrith die controls (16,17). Even if 
a whole-aniroai toxic reaction is not 
observed, as might occur at lower doses fi.e., 
one-tenth to one-half the MTD), specific ris- 
sues may receive a toxic dose (18). 
Fuithemiotc, the NTP definition is difficult 
to interpret (17,18), and it has been said 
that, in pfatics, ‘some roxic effoccs may be 
inevitable’’ fiorn the MTD (27). 

The uitinute goal of rodent bioassays is 
to make deiemiinadoiis about human car¬ 
cinogenicity, which requires extrapolating 
from rats and mice co people. For some 
exposures, this extrapolation appears to be 
reasonable. Animal-based cancer potency 
estimates for asbestos, benzene, and ethyl¬ 
ene oride have been shown co be well with¬ 
in the range of human-based estimates 
(37). However, in many cases, the bioassay 
results foil to show good agreement even 
between rodent species. Research has 
shown thu rat and mouse studies identify 
the same diemical carcinogens only about 
50-75% of the rime. This is relatively poor 
agreement, consideting both the physical 
similarity of rats co mice (as compared to 
humans) and the foct chat about 50% of all 
tested chemicals are rodent carcinogens, 
making chance agreement more likely 
(20,38,39). Furthermore, tat and mouse 
studies agree only about 35—50% of the 
rime regarding carcinogenicity at specific 
target organs (38-40). In general, this rela- 
rive lack of agreement between relatively 
similar rodent species bodes poorly for the 
probability of agreement between rodents 
and people (38,39,41—43). In foct, one 


study showed differences between risks pre¬ 
dicted by rodent bioassays and those 
demonstrated by human epidemiologic 
data chat tanged over 10 orders of magni¬ 
tude (39,44). 

There are also many physical, metabol¬ 
ic, and physiological differences between 
rodents and people, especially regarding 
respiratory anatomy and physiology 
(45-47), Labotacoty rodents, unlike peo¬ 
ple, generally have poorly defined or absent 
lespicatoty bronchioles. Also, because of 
their small body size, rodents have a much 
larger relative lung volume. Furthermore, 
people have quite different panicle clear¬ 
ance paccerns chan do laboratory rodents 
(45,4S). The canine respiratoty system is 
far more similar to chat of man, although 
dogs are more expensive and difficult co 
manage in a hfoocatoiy setting. 

It is difficult CO expose Ifajtatoty ani¬ 
mals to respiratoiy carcinogens in a manner 
chat replicates human exposure patterns. 
For example, researchers invesrigatii^ the 
catcinogenidty of tobacco smoke frequent¬ 
ly exposed dogs ro h^ levels of smoke for 
1—2 daily smoking episodes (48-54). This 
pattern is nor consistent with the exposures 
experienced by people who smoke or are 
exposed to ETS. 

Eiqwsing animals to short-term, hig^- 
leyd inhalation exposures in die laboratory 
has also caused respiratory illnesses and 
increased monali^ that limit die usefulness 
of the results. Hernandez et aL (48) lost sev¬ 
eral dogs m asphyxiation and noted due fic- 
quent near asphyxiation probably accounted 
for many of the histopathologic changes 
seen. In another study, 5 of 10 dogs died 
after only about 1 year of smoke exposure 
(49). Hammond et al. (Ji) found chat 
approximately one-third of their smoking 
dc^ died fam lung and/or hean problems 
within 2.5 years. Similar llfospan shortening 
has limited the power of radon laboratory 
studies to detea lung tumois in dogs (52). 

The animal illness and life-span short¬ 
ening described above highlight a further 
problem of laboratory animal studies, 
which has become more of an issue in 
recent years—the ethics of subjecting test 
animals to noxious exposures. Radon and 
tobacco-smoke studies provide numerous 
instances of suffering among test animals. 
Rockey and Spea (49) noted char dogs are 
genetally not found to be willing smokers 
and usually resist forced smoking. Early 
smoking episodes were usually marked by 
breath-holding, vomiting, conjunctivitis, 
and hypeisaiivation. Numerous respiratory 
problems, including respiraiory infections, 
bronchitis, emphysema, and increased 
mortality, have also been noted by investi¬ 
gators (49-52). These and other instance' 
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of animal suifering have prompted some 
authors to suggest alternatives to traditional 
laboratory animal studies {53,54). 

Limitattons of Traditional 
Epidemiology 

Unlike rxKient bioassays, which use a ran¬ 
domized experimental design that limits the 
potential for bias, all epidemiology studies 
have an inherent poKntial &c bias because 
of their observational nature. The various 
types of bias have been discussed in detaii in 
numerous epidemiology texts and review 
artides {55-64). All of these biases tail into 
three major classes: selection bias, informa¬ 
tion bias, and confounding. 

Selection bias relates to “systematic dif¬ 
ferences in characteristics between those 
vdio arc scle«cd for study and (hose who 
are not* {62). This is always a potential 
problem in epidemiologic studies because 
subjects are not randomly allocated to 
either index (exposed/case) or referent 
(uncxposed/control) groups, as they are in 
clinical trials. 

Information bias refers to enots in classi- 
-fying subjects as to either exposure or disease. 
Tius bias can be difkienriai if nusdassifica- 
tian on exposure depends on disease status 
(or vice ve:^, or nondi&rential if misclassi- 
Hcation on exposiue is independent of dis¬ 
ease status (or vice versa). Difikrenrial mis- 
classiiicadon can cause spurious tesults diat 
are either more extreme than reality or 
toward the no-effea (null) level, dqwnding 
on the nature of the bias. Nondiffaentiai 
misclassification is usually consideted to pre¬ 
dictably bias results toward die null 

Confounding can also cause spurious 
results in either direction, more extreme or 
toward the null. This bias can be thought of 
as guilt (or Innocence) by association. It 
results from the action of a variable (con- 
founder) that is both a predictor of disease 
(risk/preventive foaor) and associated with 
exposure. Fortunately, if this confounding 
variable is identified and adequately mea¬ 
sured, confounding can be removed during 
analysis. Unfortunately, given the multitude 
of possible confbundets, this can be difficult 
in practice. 

Epidemiology texts generally contain 
guidelines on how to limit these biases 
(55,555- Some investigators from the clini¬ 
cal arena have also published papers sug¬ 
gesting remedies for cenain of these biases 
{63,64). However, most epidemiologists 
acknowledge that it is difficult, if not 
impossible, to remove all threat of bias from 
an observational study (65). Subsequendy, 
it can be assumed that all epidemiology 
studies contain some uncontrolled bias. 

Biases prevalent in studies radon and 
ETS. Studies of radon and ETS highlight 


two biases that ate a problem in all epi¬ 
demiology studies and chat are of particular 
concern when Investigating the effect of 
these indoor exposures: misclassification 
and confounding. Misclassification is a 
problem because it is difficult to piece 
together a complete exposure history for an 
individual over a lifetime of 70 years or 
more. Confounding is a concern because 
many occupational and behavioral expo¬ 
sures are risk iaaors for cancer in general 
(and tespirarory cancer in particular). 

Miselass^jcation. It is very difficult and 
expensive to develop a full exposure history 
for radon case-<oniroi studies because a per¬ 
son may live in many di&rent homes during 
his or her lifotime. In fiict, less than half of 
the radon case-control studies listed as ongo¬ 
ing in 1992 included information on radon 
levels in previous residences (63. Of these, a 
recent C^dian study made a good effort to 
identify and test all past homes, althou^ the 
investigators were able to get measurements 
for only about 67% of the homes occupied 
during the critical exposure period 5-30 
yean before the diagnosis. On average, each 
pardidpant in this study had occupied nine 
diffiuent residences during his or her lifetime 
{€7). The long time periods involved also 
make it difficult for subjects to recall the 
duiarion of residence at each home, the time 
spent away from home (at work, etc.), and 
subsequent tenovation and/or radon mid^- 
don that may have chained radon levels at a 
previous residence {68,69). 

Assessing lifetime exposure to ETS is 
similarly frauds with problems, with the 
long time periods involved making recall 
difficult. Many studies have used marriage 
to a smoker as a measure of exposure to 
ETS {7,70-74)-, however, individuals may 
actually be exposed to three to four dmes 
more ETS at the workplace (75). People 
are also exposed lo ETS in restaurants, 
while socializing or travelit^, and in many 
other places. The extent of this exposure 
may be significant, but it is difficult for 
subjects to recall adequately {10,75). 
Furthermore, estimates chat only include 
adult exposure ignore exposure from 
parental smoking during childhood. Some 
studies have suggested that childhood 
exposure may be important at certain can¬ 
cer sites or for certain subpopulations 
(7i.72,76). 

Confounding, Confounding is also a 
problem when trying to determine the can¬ 
cer risk firom low-ievel domestic exposures, 
such as radon and ETS. Cancer can have 
multiple etiologies, making it difficult to 
gauge the independent effects of ETS and 
radon. Lifestyle and dietary feccors are esti¬ 
mated to account for the largest proportion 
of human cancers {77). People engage in 


risky behaviors such as active cigarette 
smoking, which has been estimated to 
account for approximately one-third of all 
human i^cer and is the leading cause of 
lung cancer in the United States (77). 
People may also be exposed to cardnogens 
in the workplace. It has been estiniated dut 
approximately 4% of all cancers ate occupa¬ 
tionally induced {7^, although some inves- 
tigacots believe that this figure is much 
higher (76). Occupational exposures to 
radon, chromium, nickel, arsenic, asbestos, 
bis(chloromechyl)ether, wood dust, soots 
and tats, and several other chcmicals/agcnis 
are considered proven causes of human res- 
pitacory cancer {25,79,80). Confounding 
variables may mask the true association 
between ETS, radon, and cancer. 

Confounding can be concroiled when it 
can be adequately measured. However, the 
long time periods involved and the sparsity 
of exposure records make it difficult to ade- 
quatriy measure potentially important con¬ 
founding laaors. The resulting mlsdassifica- 
rion of confounders can be even more prob¬ 
lematic than misdassificadOn of exposure. It 
can usually be assumed that misclassification 
of exposure is nondifferenual, cesuidng in a 
predictable error toward the null and only a 
loss of power. However, misdassification of 
coqfounding variables results in residual 
(uncontrolled) confounding, which can 
cause a spurious result diat is more extreme 
than expected. For example, some people 
who dassiiy themselves as nonsmokers may 
actually be past or low-level smokers. These 
misclassified people are at somewhat 
increased cancer risk (from smoking) and 
ate also more likdy to mariy/associate with 
other smokers. Therefore, this misdassifica- 
rion introduces confounding into ETS/can- 
ccr studies, resulting in a cancer risk that is 
overestimated {71). 

Pet Epidemiology 

History of pet epidemiology. Domestic ani¬ 
mals have functioned as natural sentinels of 
environmental health hazards since at least 
the middle ages, when the effects of e^oc- 
contaminated grain were recognized in 
livestock {81). Recognition of the health 
efifeas to people of toxic releases has fre- 
quendy been preceded by epidemics of dis¬ 
ease in domestic animals. For example, the 
death of cattle at a livestock show in 
England in 1873 was associated with a 
dense industrial fog (67). This occurred 
well before the human health effects of air 
pollution were routinely recognized. More 
recently, polychlorinated biphenyl-contam¬ 
inated rice oil caused the death of over 
400,000 chickens in Japan 6 months 
before the Yusho rice oil Incident that 
affected over 1,000 people in that same 
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TiMa I. Key studies that utilizad pet-animal epidetniologv to investigaMlhganirironinentai eattSM of cancer 


Study Type 

Exposure 

Association' 

Disease 

Reference 

Prevaienct 

CQmparison 

Rural vs. urban 

a.8* 

<1.9-«.6) 

Tonsilar carcinoma 

(33) 

Prsvafencs 

comparison 

Rural vs. urban 

7.4* 

(12-17.61 

Pulmonary changes 

(«) 

Crude CC 

Rural vs. Urban 

31* 

(13-731 

Tonsilar carcinoma 

(65) 

Mortality 

correlation 

Levd'bf local 
industry 

r«039 

(P“0.03) 

Bladder cancer 

(66) 

Crude CC 

Number of 
asbestos bodies 

r=4.fl8* 

1^.01) 

Mesothelioma 

{S7\ 

CC 

Asbestos 

occupation or hobby 

8.0 

(1.4-10.61 

Mesothelioma 

(66) 

CC 

Topical 

insecticide 

4.2 

(1.4-12.1) 

Bladder cancer 

(63) 

Prevalence 

companson 

Vietnam senrice 

20 

(1.2-3.51 

Seminoma 

(SO) 

CC 

Herbicide use 

13 

(13-1.7) 

Lymphoma 

(SI) 

CC 

Passive smoke 

13 

(0.7-3.71 

Lung cancer 

(S2) 

CC 

Electromagnetic fields 

6.8 

(1.8-28.51 

Lymphoma 

(33) 


CC, casa-control; OR, odds rada. 

RJnless otherwise indicated, the measure of association is the OR. The numbers in parentheses are 9S% 
confidence intervals or p-values. 

^ese ORs/tests were not incJuded in the orrginaf pubiications and have been cafcufated by one of the 
authors (JAB). 


country (81). Similaiiy, the enviromnetrtal 
health efFects of aflatoxin, chlorinated 
naphthalene, dioxin, DDE, ieptophos, 
oiganic meccuiy. and other chemicals were 
first identified in domestic animals (81,821. 

These early anioial-sentinei examples 
dealt primarily with acute intoxications 
among hum animals. Pecs are better suited 
as sentinels of chronic exposure to residen¬ 
tial carcinogens because of the intimate 
association between pets and the domesdc 
environment of people. However, studies 
of residential exposures in pets are limited 
to a relatively few investigadons chu have 
been conducted over the last 20-30 years. 
Most of these have investigated porcnrial 
domesdc carcinogens (Table 1) (83-93). 

In 1967, Ragland and Gorham (83) 
noted an eight rimes greater prevalence of 
tonsillar carcinoma among dogs horn an 
urban area (Philadelphia, PA) compared 
with dogs from rural Washington State. 
This urban/rurai difference in the preva¬ 
lence of toitsiilar carcinoma was later con¬ 
firmed by Reif and Cohen (85). Reif and 
Cohen (84) also noted that there was a 
greater prevalence of chronic pulmonary 
changes in the lungs of older dogs char had 
lived in urban areas. Similarly, a study pet- 
fbnned by Hayes ct al. (8(5) showed a signif¬ 
icant positive correlation between the pro- 
pordona! mortality ratio (PMR) for canine 


bladder cancer and level of industrial axtrivi- 
cy in the host county of the animal hospital 

The early observadonal studies cited 
above were somewhat crude in design and 
sufiered fiom significant defidendes. Two of 
these studies were primarily correladonal, 
with limited data Hoarding esqxisuie or dis¬ 
ease among indhddual dogs (83,8^. None of 
the invBsd^uiors contacted the dog owneis to 
obtain inlmmadon on exposuos or potendalr 
ly important confounding variables. Exposure 
measurements were limited to crude esri- 
maies of i^fonal industdalizarion or urban- 
izarion, clearing die potential for rignificanc 
misdassificadon (33-86). Potential con- 
fiiunders were limited to age, breed, and sex, 
although only two of the studies adjusted for 
these variables in the analysis (84,86). 
Funhermore, all of the investigators were lim¬ 
ited analytically because of the lack of mod¬ 
em computerized scatisrical methods. 

During the last two or three decades, 
refinements to the case-control approach 
have made this a key epidemiologic cool 
(57,94), and more recent pet cancer epi¬ 
demiology studies have used the case-oonciol 
appcoacL A case-conttol study by Glickman 
et al (88) demonstrated a significant posirive 
association between canine mesothelioma 
and an asbestos-related occupation or hobby 
in a household member. These findings were 
supported by those of Harblson and 


Godlesid (87), who found significuidy more 
asbestos bodies (asbestos fibers coated with 
an iron protein complex) among dogs with 
mesothelioma than among control dogs. 
These two studies confiimed this common 
cause for human and canine mesothdioma. 
Thqr also diowed the udliqt of dogs as roaik- 
ecs of asbestos exposure, an idea suggested in 
1931 by the dia^iosis of asbestosis in a dog 
that fived in an asbestos foccory (95). 

Sevetal ocher case-concroi studies on 
cancer in pets have been reported. Glickman 
ei al. (89) demonstrated an association 
between toplcai insecticide use and canine 
bladder cancer. Hayes et al. (91) showed a 
small but significant assoctarion (odds ratio 
(OR) “13] between ouiine malignant lym¬ 
phoma and the application of phenoxy her¬ 
bicide lawn care products. Reif et al. (92) 
found a weak assoHadon [OR » 1.6; 95% 
confideiue interval (CD, 0.7-3.7] between 
ETS and canine lung cancer. However, this 
study found that the increased risk was 
restricted to dogs with short- or medium- 
length noses, suggesting chat nasal cancer 
may be a better endpoint for this exposure 
than lung cancer (92). Most tecendy, Reif et 
al (93) demonsttated an increased risk for 
lyn^homa amoi^ dogs exposed to electro- 
numeric fidds around the home. 

These case-control studies were meth¬ 
odologically superior to the earlier studies 
reported. Most of the investigacors gath¬ 
ered information on exposure and con¬ 
founding variables directly from the owners 
(88,89,91—93). Also, the avaiiabiiity of 
computers, as well as the statistical 
advances assoctaied with them, allowed for 
improved analyses. Confounding variables 
were coniroiled either through stratifica- 
don (88,92) or through logistic regression 
modding (89,91,93). 

Advantages, Usually, no single study 
can be used to nuke the determination chat 
an indiridual environmental agent causes a 
patticuiar cancer. Instead, a weight-of-evi- 
dence approach is used. In general, well- 
designed per epidemiology studies can add 
significantly to the weight of evidence con- 
cemii^ the environmental causes of cancer 
in both animals and people. This approach 
forms an atttacrive addition to tracUrionai 
laboratory animal and human observadonal 
investmfibns. 

When evaluating causality using a 
weight-ofievidcuce approach, similar find¬ 
ings across varied studies is one of the key 
criteria to consider (39). For example, a pos¬ 
irive epidemiologic association is more credi¬ 
ble if it supports die findings of ocher epi¬ 
demiologic studies or of laboratory animal 
studies. A posirive result from a pec epidemi¬ 
ology study would fiirdier enhance the cred¬ 
ibility of the association. Pet epidemiology 


2063640834 

Environments! Health Perspectives * VolumB 105 . Number December 1557 1315 

Source: https://www.industrydocuments.ucsf.edu/docs/zfkxOOOO 



Seview • Bukowski and Wartenberg 


nudies couid also act as a tie-breaker when 
the results from rradinonal approaches are 
at odds. 

The approximately 50 million pet dogs 
currently in the United States represent a 
reladvely untapped source of inibtmanon on 
disease causadon. Many of these dogs come 
from genetically distina breeds with varying 
risks fr>r patdcular cancers, facilitating the 
differentiation of genetic influences from 
environmental ones (54). Furthermore, the 
owners of these dogs ate often very coopera¬ 
tive, and pardcipadon rates fr>r pet epidemi¬ 
ology studies ate bi^ For their study inves¬ 
tigating the association between canine 
ni^gnant lymphoma and herbicide expo¬ 
sure, Hayes et ^ (91) noted that of the over 
1,400 case and control owners contacted, 
only four refused to participate. 

In many respects, pet dogs form an 
excellent surrogate populadon for exploring 
the carcinogenic potential of the domestic 
environment in v\4ich people live. Pet dogs 
live in close association with people and 
share domestic exposures with them; how¬ 
ever, dogs do not directly engage in the 
hi^-risk behaviors and occupations experi¬ 
enced by their human masters. Also, dogs 
have shorter life spans and cancer latency 
pwriods than do people, allowing them to 
be used as early sentinels of en'rironmental 
problems. Furthermore, only fairly recent 
environmental exposures need to be mea¬ 
sured, enhancing the quality of recalled 
information and rainimuang both exposure 
misciassification and recall bias (54). 
DifFereniial recall would still be possible, 
but it is likely chat people would not experi¬ 
ence the same recall stimulus from cancer in 
a pet as they would fix)m their own cancer 
or that of a dose family member. 

Active smoking and occupation are the 
major confounders that plague traditional 
environmental epidemiology studies. Pets 
are free of these exposures, although low- 
level exposure to workplace carcinogens may 
still occur &om materials (e.g., lead and 
asbestos) that adhere to dothing worn in the 
workplace. The relatively short recall period 
in per studies would enhance the measure¬ 
ment of other less critical confriunding Ac¬ 
tors (such as diet and sodoeconomic status), 
thereby limiting residual confounding from 
incomplete control of these fectors. 

Dogs have also been shown to be good 
models for many human cancers. Several 
investigators have demonstrated that canine 
and human mammary cancer share impor¬ 
tant clinical and histological features 
(96-99). Other authors have shown similar¬ 
ities between human and canine bone can¬ 
cer (100,101), bladder cancer (86,97,102), 
and nasal cancer (lOS). Dogs have been 
shown to be especially good models for 


human respiratory cancer and have been 
used in laboratoiy studies Co investigate the 
health effects of exposure to both tobacco 
smoke and radon. Cigarette smoke has been 
shown to cause similar histologic changes to 
the lungs of both people and beagle dogs 
(50,51). Radon has Bmo shown to cause 
lung cancer in laboratoiy dogs at levek that 
did not greatly exceed exposures repotted 
for uranium miners (52). Dogs are also sim¬ 
ilar to humans in that their incidence of res¬ 
piratory tract tumors is linearly related to 
both increasing cumul^ve radon exposure 
and unattached fraction (52). In general, 
the dog is the best model for inhalation 
studies in which comparisons to humans 
are to be made (45). 

Pets aie not only good markeis of efiecn 
they have also proven to be useful markets 
of exposure. Thomas et al. (104) found chat 
pec dogs with high blood lead levels could 
be used to predict higher blood lead levels in 
children friom the same family. Kucera (105) 
found a positive correiadon between blood 
lead levels in pet dogs and the density of 
nearby local oaifre patterns, h^h^ghting the 
historical importance of this route of human 
exposure. More recently, Reynolds et ai. 
(10^ ibund significandy h^er urinary lev¬ 
els of the herbicide 2,4-dichIorophenoxy- 
acetic add (2,4-D) among d<^ from treated 
homes compared to chose from nontieated 
ones. However, differences in absorption, 
metabolism, and excretion between dogs 
and people must always be considered when 
using pet dogs as exposure sentinels. For 
example, Reynolds et aL (106) found elevat¬ 
ed 2,4-D levels in canine urine samples even 
more than 2 weeks following exposure. 
People excrete 2,4-D much more rapidly, 
eliminating almost the entire absorbed dose 
in apprcndmately 4 days (107). Relying sole¬ 
ly on canine exposure models would gready 
overesrimate 2,4-D body burdens in people. 

Observational studies of pet popula¬ 
tions also represent a humane alternadve to 
laboratory animal experimentation (54). 
Unlike laboratory animal studies, the cases 
in pet cancer studies are not subjea to nox¬ 
ious or debilitating exposures by investiga¬ 
tors. Well-designed pet epidemiology stud¬ 
ies can provide an additional independent 
approach to cancer research, thereby reduc¬ 
ing the number of laboratory animal stud¬ 
ies needed to build a body of evidence for 
carcinogenicity. 

Limitations of pet epulemiola^. Pet 
epidemiology studies arc observational in 
nature and therefore share many of the 
biases inherent in human epidemiology. 
Exposures are stiil usually estimated from 
retrospective interviews, setting up the pos¬ 
sibility of misclassifrcation and recall bias. 
Similarly, selection bias and confounding 


are potential problems. However, as men¬ 
tioned previously, the magnitude of these 
biases should be greatly lessened in pet 
studies. Also, the same techniques used to 
limit these biases in human epidemiology 
studies (e.g., cancer controls to limit differ¬ 
ential recall, stratified or multivariate analy¬ 
ses to control confounding, etc.) can be 
applied to pet studies as well. 

An imponant limitation of pet epi¬ 
demiology is a lack of essential population 
and disease data. Only a handful of U.S. 
animal disease registries have ever exisred 
(108-110). Monsein (110) suggests that 
these suffer from inaccuracies, biases, and 
an inability to provide reliable incidence or 
mortality rates, which limits their utility for 
analytical epidemiology studies. Use of the 
case-control approach has overcome much 
of the need for population rates hut not the 
paucity of available disease data. Most of 
the case-control studies on cancer in pets 
have contained fewer than 100 cases. Only 
the malignant lymphoma study reported by 
Hayes et al. (91) had sufficient power to 
detect relatively small associations. This 
study contained almost 500 cases and more 
than 900 tumor and nontumot controls. 

This paucity of accurate disease infor¬ 
mation is (in la^e part) driven by economic 
considerarions. Although veterinary care has 
an absolute cost that is much less than simi¬ 
lar human medical care, the lack of third- 
party reimbutsement makes veterinary care 
reladvely more expensive and unaffordable 
to many dog owners (54). When faced with 
a severe chronic disease such as cancer, 
many owners opt for euthanasia rather than 
pursuing expensive diagnostics and treat¬ 
ment. These cases arc never presented to a 
veterinary teaching hospital where they 
might become pan of a diagnostic or 
histopathology database. Because there are 
also no mandated death or cancer registries 
for dogs, only a small fraction of cancer 
cases could be expected to come to the 
acientioa ofveterinaty epidemiologists. 

An additional economic consideration 
chat hampers pet cancer epidemiology is the 
lack of available frmding. Agencies chat oadi- 
tionally support similar human cancer epi¬ 
demiology may not appreciate the potential 
benefits of a pet approach. Glickman and 
Domanski (5^ cite an example of a study 
investigating diet and canine breast cancer, 
which was submitted to a major federal fund¬ 
ing agency. The rcvievreis acknowledged the 
sii^arities between canine and human breast 
cancer and the relevance of the research. They 
also noted chat this research would address an 
important issue that is difficult to assess by 
observational research in women. However, 
they gave the study a low priority because 
“For all its virtues, however, this is a study of 
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dogs and can never adtieve the priority of a 
compaiabty designetC study in humans” (5^. 

ilie above opinion reflects a lack of 
comfbn with the pec approach, which may 
be shared by many researchen. The hetbi- 
dde/canine malignant lymphoma study by 
Hayes et aL 191) was harshly cridcized for 
relying on questionnaite responses and not 
ascertaining actual herbicide body burdens 
(111,112). However^ a similar level of end- 
cism was not leveled at the large number of 
human epidemiology studies chat have 
relied on quesdonnaire responses, nor did 
the cridcs consider the advannges of the 
shorter recall period possible in this pec epi¬ 
demiology study. These critics were appar- 
endy unable to separate the novelty of the 
approach fiom its strengths and weaknesses. 

Conclusion 

For many reasons, per cancer studies form a 
valuable complement to laboratory animal 
and human epidemiology studies. Pea live 
in intimate association with the local 
domesdc environment of people and repte- 
sent good models for many types of human 
cancers. These studies usually obtain good 
compliance horn pet owners, who are often 
excited about the possibiltry that the cancer 
in their pet could help further the war 
against cancer. Also, the infermadon chat 
these ownen supply may be of better quali¬ 
ty than due obtained in similar human ret- 
rospeedve studies because pec owners only 
nc^ to recall a rdadvely shore time span of 
5-13 years. Finally, pet cancer studies never 
subject animds co noxious exposures, there¬ 
by rqpKsendng an attiacdve altemadve to 
l^oiatoty animal approaches. 

Certainly, pet research cannot totally 
replace the more tiadidonai research tech- 
iques; however, pet studies represent a 
.mique line of inquiry that explores cancer 
causality from an independent direcdon. 
This makes pet studies Ideally suited to the 
weighc-of-evidence approach chat is cur¬ 
rently used co define the carcinogenic 
potendal of environmental exposures. 
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